Three patients are reported who exhibited a previously undescribed syndrome resulting from disruption of the sympathetic chain, the phrenic nerve and the innervation of the ipsilateral vocal cord. Each patient had pain in the ipsilateral shoulder and metastatic carcinoma of the breast. It is likely that this syndrome exists in association with other diseases such as carcinoma of the lung. The presence of this syndrome in patients with malignant disease has sinister significance and appears to carry a very grave prognosis.
Introduction
Syndromes and physical signs are important in diagnosis, assessment ofclinical staging and in deciding treatment. Neurological syndromes in the neck abound and amongst the more important are:
(1) Horner's syndrome, first described in 1869, and characterized by miosis, ptosis, enophthalmos, and hemifacial anhidrosis as well as ocular hypotonia, increased facial temperature, alteration of lacrimation and a tendency to cataract formation (Horner 1869 , Magalini 1971 ).
(2) The Dejerine-Klumpke syndrome, first described in 1885, and characterized by weakness in the distribution of the first dorsal nerve root combined with Horner's syndrome (Klumpke 1885) .
(3) Pancoast's syndrome, first alluded to in 1924 (Pancoast 1924) , and characterized by pain around the shoulder and down the arm, Horner's syndrome, atrophy of the small muscles of the hand, local rib destruction and often vertebral infiltration (Pancoast 1932) . In 50% of cases this syndrome is caused by an apical carcinoma of the lung (Hall 1940) .
Case reports
The three women reported here were seen in the last three months of 1979 at the Royal Marsden Hospital, Surrey.
Case 1: Mrs F T, a 38-year-old insurance clerk, presented in August 1977 with a 7 em mass in the upper outer quadrant of the right breast (T3A No M o). Initial treatment was total mastectomy (no lymph nodes were identified) and radical radiotherapy to the right chest wall, axilla and supraclavicular region. In April 1979, after a disease-free interval of 27 months, metastases in the lumbar spine were treated with local radiotherapy. Two months later whole brain irradiation was administered for left cerebellar deposits. Subsequent treatment comprised a radiation menopause and combination chemotherapy, first with 5-fluorouracil, vincristine, cyclophosphamide and methotrexate (FOAM) and later with vincristine, adriamycin and prednisolone (VAP)..In August 1979 she complained of dysphagia and a barium swallow showed slight delay of the oesophageal stripping wave with tertiary contractions. By December 1979 there were metastases in soft tissue, lung, bone, bone marrow, liver and brain, and she had had three weeks of pain and weakness in the left shoulder with two weeks of intermittent hoarseness of the voice. Both supraclavicular fossae contained 4 em masses and there was a smaller mass in the left posterior triangle. Neurological examination of the upper limbs was normal, A right Homer's syndrome was characterized by ptosis and miosis ( Figure 1 ) and indirect laryngoscopy showed a partial palsy of the right vocal cord. Paralysis of the right hemidiaphragm was apparent clinically, on chest X-ray and by diaphragmatic screening. Chest X-ray also revealed paratracheal lymphadenopathy, but thoracic inlet X-ray was normal. Computerized axial tomography of the neck ( Figure 2 ) was performed on 27.12.79 and was kindly reviewed by Dr Louis Kreel: 'At the level of C6 in the angle between the transverse process and the body of the vertebra, there are three small rounded soft tissue "nodules", on the right side, which are not present on the left side and could well be enlarged lymph nodes. There is no associated bone erosion. There is some muscle wasting on the right side in the longus colli muscles (innervated by C5, 6, 7 and 8) and the levator scapulae (C3, 4 and 5). The enlarged lymph nodes could well be associated with infiltration of the nerve bundles in this region'. This patient died on 27.6.80, three years after initial presentation. radiotherapy to the chest wall, sternum and left supraclavicular region. In April 1976, following a disease-free interval of 24 months, she developed malignant supraclavicular lymphadenopathy. Subsequent treatment comprised tamoxifen, drostanolone propionate and combination chemotherapy, firstly with cyclophosphamide, methotrexate and 5-fluorouracil (CMF) and later vincristine with flurbiprofen (Vindaflu). By October 1979 metastases were limited to soft tissue with massive local recurrence and induration in the left supraclavicular fossa. She complained of pain in the left upper limb associated with new and gross lymphoedema. Her left supraclavicular fossa was indurated but the neck and right supraclavicular fossa were normal. There was a left Horner's syndrome (first noted in April 1979) characterized by ptosis, miosis and enophthalmos. Her voice was markedly hoarse and indirect laryngoscopy showed impaired movement of the left cord. The left hemidiaphragm was raised on plain X-ray and diaphragmatic screening showed it to be paralysed. Thoracic inlet X-ray was normal. She died on 5.2.80, 5t years after first presentation.
Case 3: Mrs C R, a 37-year-old hairdresser, presented with a lump in the upper inner quadrant of the left breast in February 1975 and underwent left total mastectomy. In June 1977, after a disease-free interval of 27 months, bilateral malignant supraclavicular lymphadenopathy developed. She was subsequently treated with oophorectomy, tamoxifen, danazol and, in March 1979, radiotherapy to the left and right supraclavicular fossae and left axilla. Left vocal cord palsy was noted in April 1979 and in May a left-sided Horner's syndrome was manifest by ptosis, miosis and anhidrosis. During July 1979 a 2 cm soft tissue metastasis was resected from the midline strap muscles immediately anterior to the thyroid isthmus. By September 1979 she complained of left-sided neck and shoulder pain and an associated weakness of shoulder abduction (C4, 5) and elbow extension (C6, 7). Computerized tomography of the brain was normal and bony metastases in the fourth and fifth cervical vertebrae were treated with radiotherapy. Her autumn decline was characterized by metastases in soft tissue, lungs and bones, dysphagia (despite normal barium swallows) and increasing induration of the left supraclavicular fossa which was also the site of three palpable 2 em masses around the insertion of the head of the left sternomastoid muscle. Chest X-ray in November 1979 showed enlarged lymph nodes around the aorta and a raised left hemidiaphragm which by diaphragmatic screening was demonstrated to be paralysed. On 23.12.79 she died, 4t years after initial presentation.
Discussion
The three patients described in this paper exhibited a syndrome which, in its complete form, comprises Horner's syndrome, ipsilateral vocal cord palsy and ipsilateral phrenic nerve palsy. Several other cases were seen with only one or two of these lesions and these will not be further discussed. Additionally, all three patients complained of pain and weakness in the ipsilateral shoulder, and two patients had objective evidence of motor involvement in the cervical distribution (Mrs F T, computerized tomography, Figure 2; and 'Mrs C R, clinical examination). This pain may be referred diaphragmatic pain but is more probably due to cervical sensory root involvement. All the patients had lymphadenopathy or induration of the ipsilateral supraclavicular fossa, which had in all three been irradiated at some stage. All three patients had histological evidence of soft tissue recurrence (lymphadenopathy or local recurrence). In all three patients the syndrome occurred on the same side of the body as the original tumour (two left, one right). Neurological examination of the lower limbs was normal in all. None had carotid bruits. All the patients described were women with metastatic breast cancer, two of whom were premenopausal and one post. All the patients had received radiotherapy and hormone manipulation but only two had had cytotoxic chemotherapy. The onset of the syndrome was 6 to 42 months after first recurrence. More ominously, this syndrome appears to correlate with a -very grave prognosis: all three patients died within seven months of its recognition (the median survival from the time of first recurrence of breast cancer is between twelve and twenty months: Powles et al. 1980 ). This is a syndrome of signs. Its diagnosis is hampered by the paucity of symptoms. Pain and weakness in the shoulder were the only associated symptoms complained of by all patients. In contrast, all the patients were aware of the change in voice but none had complained of it and indeed vocal cord palsy had been recorded in only one of them. Phrenic nerve palsy had not been noted in any but Horner's syndrome had been recorded in two. Some of the physical signs were probably of recent onset but it is likely that others had been present for some time. Early recognition. of this collection of signs depends upon awareness of the syndrome.
There are many possible, although few probable, explanations for the presence of this syndrome. The three patients recorded here had metastatic carcinoma of the breast; in that disease brain metastases are relatively common and were confirmed in Mrs F T. However, apart from motor involvement in the cervical distribution in Mrs F T (computerized tomography, Figure 2 ) and Mrs C R (clinical examination), there was no further evidence of neurological disease in any of the patients and indeed computerized tomography of the brain in Mrs C R was normal. Multiple lesions throughout the body are also common in carcinomatosis and it is conceivable that the three neural structures or their end organs could have been affected by three separate lesions, though this seems unlikely. In malignant disease non-metastatic disorders occur, the mechanism of which is unknown. These lesions are commonest in bronchial carcinoma and include clubbing, various endocrine syndromes, dermatological markers such as pruritus and acanthosis nigricans as well as neurological disorders including encephalomyelopathy, cortical cerebellar degeneration, sensory, motor or mixed peripheral neuropathy, myopathy and the Eaton-Lambert myasthenic syndrome (Lambert et al. 1956 ). Non-metastatic lesions are relatively unusual in breast cancer. Druginduced peripheral neuropathy is a frequent side effect of cytotoxic chemotherapy, in particular with the Vinca alkaloids such as vincristine. One of these three patients, though, did not receive any chemotherapy. All three were irradiated and widespread radiation fibrosis affecting the three neural structures is a possibility, but in Mrs M J, for example, radiotherapy was last administered 5 years previously.
A causative hypothesis is proposed taking into consideration the anatomy of the region.
Anatomical review
There are several important neuroanatomical features. From the level of the sixth cervical vertebra as far as the thoracic inlet the phrenic nerve is protected by the body of the scalenus anterior muscle from even a large mass arising from within the body of the neck (Figure 3) . The recurrent laryngeal nerve is a branch of the vagus and vocal cord palsy may result from lesions of either. At no stage are the recurrent laryngeal nerves themselves in close proximity with both the sympathetic chain and the phrenic nerve except at the root of the neck on the right side where the phrenic, the vagus and the start of its branch, the recurrent laryngeal, together with the ansa subclavia, all pass across the front of the subclavian artery ( Figure 4) . However, the majority of the sympathetic innervation of the face passes directly from stellate to middle cervical ganglion, whilst only a few fibres form the ansa subclavia and so a lesion at this level would be unlikely to account for a gross Horner's syndrome or pain inthe shoulder. At the level or"the first rib the thoracic inlet is 6 em in diameter. The oesophagus and trachea are medial. Anteriorly, laterally and posteriorly the inlet is bounded by the first rib. The first dorsal vertebra is posteromedial. The sympathetic chain clings close to the costovertebral angle, the vagus is anterior lying behind the carotid sheath and the phrenic nerve spirals off the anterior surface of the scalenus anterior muscle, entering the thorax in close relationship to the posterior surface of the clavicle and first rib. It can be appreciated that at the thoracic inlet all three neural structures are widely spaced and even a large lesion, such as progressive glandular enlargement, might not affect the phrenic nerve which is protected by the scalenus anterior muscle. Indeed, there is no mention of the phrenic nerve in Pancoast's classic 1932 description of the 'Superior Pulmonary Sulcus Tumor'.
Higher up in the neck, however, at the level of the sixth cervical vertebra, all three neural Immediately posterior is the vulnerable fifth cervical nerve. From this position all these neural structures spread apart as they pass inferiorly.
Conclusions
Only at the level of the sixth cervical vertebra are the sympathetic, phrenic and vagus in apposition (Figure 4 ). At this point they are intimately related to the fifth cervical nerve and the internal jugular lymphatic chain. It is proposed that these lymphatics are infiltrated with carcinoma and that direct spread from them involves the sympathetic, vagus and phrenic and sometimes the cervical nerve roots as well. Computerized tomography (Mrs F T) accords with this hypothesis. It is probable that this syndrome occurs in association with other diseases in which the pathology may be similar, for example bronchial carcinoma, or different, as in direct trauma. Histological and post-mortem investigations of further cases will elucidate the problem. It would seem that in patients with carcinoma of the breast this is a pre-terminal syndrome.
The triad of Horner's syndrome, hoarse voice and paralysed hemidiaphragm has not previously been recorded. As three cases were seen in three months it may be relatively common. Awareness of the syndrome leads to its earlier identification and pain in the shoulder signals its malign presence.
